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A B S T R A C T
Background: Acoustic trauma is an injury to the hearing mechanisms in the inner ear due to excessive noise. This injury is the most prevalent cause of sensorineural hearing loss in humans, especially from occupational exposure. Previous studies have shown the essential role of free radical formation in the inner ear hearing loss caused by acoustic trauma.
Objectives: This study was performed to determine the effect of N-acetylcysteine (NAC) administration for reducing acute acoustic trauma in rabbits.
Materials and Methods: Twenty four rabbits were assigned to four groups including: control, noise plus saline, noise plus NAC administration (325 mg/kg body weight by intraperitoneal injection (IP), three days before exposure to noise and three days after noise exposure), and NAC alone. Auditory brain stem response (ABR) threshold was measured before exposure and one hour and 14 days after exposure.
Results: The saline plus noise group had on average a 49 decibel (dB) temporary threshold shift (TTS) and 23.9 dB permanent threshold shift (PTS) at the studied frequencies, while rabbits in the NAC administration plus noise group had a 31.5 dB TTS and 10.7 dB PTS averaged across the frequencies.
Conclusions: Administration of NAC can provide appropriate protection against acoustic trauma-induced hearing loss in rabbits at all studied frequencies.
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Implication for health policy/practice/research/medical education:This study has been designed to evaluate the hypothesis that temporary and permanent injuries resulting from acute acoustic trauma (exposure to excessive noise for a short time) are reduced by N-acetylcysteine administration in rabbit models.
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1. Background Acoustic trauma is injury to the hearing mechanisms of the inner ear due to excessive noise (> 85 dB). Acous-tic trauma is a prevalent cause of sensorinural hearing loss and it may be caused by an explosion close to the ear, gun shots, long–term exposure to loud noise (such as ma-chinery noise) (1-3). In adults, acoustic trauma is the most 
important cause of noise induced hearing loss (NIHL). In total, 16% of disabling hearing losses in adults were attributed to noise exposure (4). Acoustic trauma after noise exposure is one of the most contemporary condi-tions in humans, especially for young people frequent-ing night clubs, musicians and industrial laborers (5). 
N-acetylcysteine and Acoustic TraumaMotalebi Kashani M et al.
Arch Trauma Res. 2013:1(4)146
Acoustic trauma-induced hearing loss may be created by both direct mechanical trauma to the inner ear occurring during intense noise exposure, and as a result of oxidative stress in the cochlea hair cells. The noise, induced forma-tion of reactive oxygen species (6) and reactive nitrogen species (RNS) in the cochlea, which are the main causes of oxidative stress. Previous studies have shown the essential role of free radical formation in the cochlea in hearing loss caused by acoustic trauma (6-9). These studies have shown that NIHL can be decreased by antioxidant agents acting as free radical scavengers. Many drugs have been used for the treatment and prevention of NIHL (10-13). Nowadays, phar-macological preventive measures for the control of NIHL can be important components for hearing loss prevention programs in workplaces. N-acetylcysteine (NAC) as an an-tioxidant agent and as a substrate for glutathione synthe-sis, with no noticeable side effects, has been used for the prevention and treatment of NIHL in many studies (2, 3, 14). These researches have shown that NAC can effectively reduce NIHL in animal models for long-term exposure to noise (chronic acoustic trauma) (12, 14, 15). However, there is no evidence to suggest that NAC is effective for protect-ing against acute acoustic trauma (excessive noise for short time exposure). Many studies have shown that NAC cannot reduce impulse noise trauma induced temporary threshold shift and loud music induced hearing loss (4, 5).
2. ObjectivesThis study was conducted to determine the effect of N-acetylcysteine (NAC) administration on reducing tempo-rary and permanent injuries resulting from acute acoustic trauma (excessive noise for short time exposure) in rabbits.
3. Materials and Methods 
3.1. Experimental protocolTwenty four healthy, male, adult white New Zealand rab-bits (2200 – 2500 g body weight) were obtained from the Pasture Institute of Iran. The rabbits were accommodated in separate cages and maintained on a light–dark cycle (12 – 12 h) at 23-27°C, with free access to food. All procedures relating to the care, use and handling of the rabbits were conducted in accordance with the principles of the Hel-sinki Protocol. The rabbits were divided randomly into four groups (n = 6, each group) according to the type of experimental condition as follows: Group 1, control (no exposure to noise and no injection); Group 2, exposed to noise (120 dB octave band noise centered at 4 kHz for four hours) and received saline intraperitoneal injection (IP); Group 3, exposed to noise (as in Group 2) and received NAC 325 mg/kg body weight IP injection; and Group 4, not ex-posed to noise and received NAC (325 mg/kg body weight IP injection). NAC or saline was injected IP at a single dose (325 mg/kg body weight) once a day from three days before noise exposure to three days after noise exposure (6 days 
in total). NAC was administrated 325 mg/kg body weight because previous studies had shown that this dose was the most effective for the reduction of continuous noise induced hearing loss (2, 16). Groups 2 and 3 were exposed to octave band noise centered at 4 kHz, 120 dB SPL, for four hours. This level of noise can be enough to cause acoustic-trauma induced hearing loss in animal models (9, 14). The octave band noise was produced and amplified with a specific software program (Signal software) and released with a personal computer system using Cool Edit software (Adobe system in US) to speakers in an exposure chamber (the exposure chamber was designed as a reverberant field which could house six rabbits at a time). Noise levels were monitored continuously in the chamber by a precision sound level meter (Cel–460, UK).
3.2. Auditory EvaluationAuditory brain stem response (ABR) was used to evalu-ate the rabbits’ auditory function. ABR is based on the re-cording of auditory evoked potentials and they are widely used to evaluate levels of acoustic trauma-induced hear-ing loss in animal models (12, 13, 17). ABR represents the neuroelectric activity in the brainstem auditory pathways and can assay cochlear function. The resulting recording form a series of vertex positive waves, which are evaluated I through V. These waves are labeled with roman numer-als. ABR threshold was described as the lowest stimulus intensity that creates a reproducible ABR wave form peak III or IV (18). ABR threshold and latency time of wave V are the two important criteria for evaluating function audi-tory levels (19). Many studies showed significant correla-tions between ABR thresholds and behavioral thresholds in animal models (20-22). In this study, ABR thresholds and latency time wave V at 1, 2, 4 and 8 kHz were measured in all experimental groups (blindly) at three time points: Prior to the experiment (before noise exposure and saline or NAC injection) to determine the baseline ABR threshold and latency time wave V, one hour and 14 days after noise exposure. The tests were done at 1, 2, 4 and 8 kHz tone bursts stimuli (1 ms Blackman rise/fall, 15 ms duration, and alternating polarity) produced using Interacoustics Eclipse EP25. Stimuli were delivered through a computer-controlled insert phone located in the rabbit’s ear canal. An active needle electrode was placed subcutaneously be-low the test ear. Reference electrode and ground electrode were placed at the vertex and the other ear, respectively. The rabbit’s ABR threshold at studied frequencies for a specific time was defined as the average ABR threshold of the left and right ear. The difference between baseline ABR threshold (before noise exposure) and ABR threshold one hour after noise exposure was defined as the temporary threshold shift (TTS). Permanent threshold shift (PTS) was considered as the difference between baseline ABR thresh-old and ABR threshold 14 days after noise exposure at each frequency. Before auditory evaluation, all rabbits were anesthetized with xylazine (10 mg/kg bodyweight) and 
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ketamine (40 mg/kg bodyweight) mixture by intramus-cular injection (IM). External ear canals were examined to ensure that the canal was free of wax.
3.3. Statistical AnalysisThe Kolmogorov-Smirnov test (K-S test) was used to evalu-ate the normality of data in all groups. One-way analysis of variance (ANOVA) was used to compare ABR threshold shifts among groups at the study frequencies. Tukey’s test was applied as a post-hoc test for multiple comparisons among the groups. Latency time of wave V before and after noise exposure was compared using a paired t-test at each frequency in all groups. A P value smaller than 0.05 was considered significant.
4. ResultsBoth ABR threshold and latency time of wave V before exposure (baseline) at each frequency were equal in all the experimental groups. The latency time wave V at 8 and 4 kHZ were significantly lower than 2 and 1 kHZ in all groups. The latency time wave V before exposure and one hour after exposure at each frequency in the experimental groups are represented in Table 1. Statisti-cal comparisons showed that the latency time one hour after exposure in groups 1 and 4 were not significantly different from latency time before exposure. In groups 2 and 3 latency time one hour after exposure was signifi-cantly more than baseline latency time at all frequencies 
(P < 0.001). In Table 2, baseline latency time and latency time 14 days after exposure are represented. According to Table 2, latency time 14 days after exposure was signifi-cantly greater than baseline at all frequencies in group 2, but in group 3 the latency time 14 days after exposure at 8 kHz was more than baseline (P < 0.001). There was no significant difference between latency time 14 days after exposure and baseline at each frequency in groups 1 and 4. ABR threshold shift at one hour after exposure (temporary threshold shift, TTS) and ABR threshold shift at 14 days post exposure (permanent threshold shift, PTS) at each frequency in the experimental groups 2 and 3 are shown in Figure 1. ABR temporary threshold shift and ABR permanent threshold shift of group 1 (control) and group 4 (NAC administration) were approximately 0. The saline + noise group (group 2) had a 49 dB TTS and 23.9 dB PTS averaged across frequencies of 1 - 8 kHz, while rabbits re-ceiving NAC plus noise (group 3) had a 31.5 dB TTS and 10.7 dB PTS averaged across the frequencies. The ABR thresh-old shift (TTS and PTS) of groups 2 and 3 at 4 and 8 kHz were significantly higher than at 1 and 2 kHz (P < 0.01). The acoustic trauma induced ABR threshold shifts at all studied frequencies, and were significantly decreased in rabbits which were exposed to noise and received NAC (group 3) compared to animals which were exposed to noise and received saline (group 2) at one hour and 14 days post-exposure to acoustic trauma (P < 0.01). This re-duction at 4 and 8 kHz was significantly smaller than at 1 and 2 kHz (P < 0.01).
Table 1. Mean and Standard Deviation of Latency Time Wave V in Milliseconds (ABR Test), Before and One Hour After Exposure in Experimental Groups
Frequency, kHz Latency Time Wave V, ms P value
Before Exposure, Baseline, Mean ± SD One Hour After Exposure, Mean ± SD
Group 1 (Control)
1 4.77 ± 0.020 4.77 ± 0.022 1
2 4.74 ± 0.019 4.74 ± 0.019 1
4 4.71 ± 0.016 4.71 ± 0.019 1
8 4.67 ± 0.014 4.67 ± 0.016 1
Group 2 (Noise + Saline)
1 4.77 ± 0.020 5.30 ± 0.040 < 0.001
2 4.74 ± 0.019 5.32 ± 0.059 < 0.001
4 4.71 ± 0.016 5.74 ± 0.04 < 0.001
8 4.67 ± 0.014 5.49 ± 0.051 < 0.001
Group 3 (Noise + NAC a)
1 4.79 ± 0.027 5.03 ± 0.021 < 0.001
2 4.76 ± 0.030 5.08 ± 0.015 < 0.001
4 4.74 ± 0.034 5.23 ± 0.021 < 0.001
8 4.68 ± 0.035 5.27 ± 0.016 < 0.001
Group 4 (NAC a)
1 4.77 ± 0.038 4.77 ± 0.037 0.363
2 4.74 ± 0.030 4.75 ± 0.031 0.175
4 4.71 ± 0.024 4.72 ± 0.024 0.175
8 4.67 ± 0.028 4.67 ± 0.027 0.175
a Abbreviation: NAC, N-acetylcysteine
N-acetylcysteine and Acoustic TraumaMotalebi Kashani M et al.
Arch Trauma Res. 2013:1(4)148
Table 2. Mean and Standard Deviation of Latency Time Wave V in Milliseconds (ABR Test), Before and 14 Days After Exposure in Experi-mental Groups.
Frequency, kHz Latency Time Wave V, ms P value
Before Exposure (Baseline), Mean ± SD 14 Days After Exposure, Mean ± SD
Group 1 (Control)
1 4.77 ± 0.020 4.77 ± 0.022 1.175
2 4.74 ± 0.019 4.74 ± 0.020 1.175
4 4.71 ± 0.016 4.71 ± 0.016 1.363
8 4.67 ± 0.014 4.67 ± 0.014 1.175
Group 2 (Noise + Saline)
1 4.77 ± 0.020 5.30 ± 0.014 < 0.001
2 4.74 ± 0.019 5.32 ± 0.015 < 0.001
4 4.71 ± 0.016 5.74 ± 0.29 < 0.001
8 4.67 ± 0.014 5.49 ± 0.035 < 0.001
Group 3 (Noise + NAC a)
1 4.79 ± 0.027 5.03 ± 0.027 1
2 4.76 ± 0.030 5.08 ± 0.030 1
4 4.74 ± 0.034 5.23 ± 0.076 0.087
8 4.68 ± 0.035 5.27 ± 0.017 < 0.001
Group 4 (NAC a)
1 4.77 ± 0.038 4.77 ± 0.036 0.175
2 4.74 ± 0.030 4.75 ± 0.033 0.093
4 4.71 ± 0.024 4.72 ± 0.026 0.081
8 4.67 ± 0.028 4.67 ± 0.034 0.126a Abbreviation: NAC, N-acetylcysteine
Figure 1. ABR Threshold Shifts, One Hour After Exposure to Noise (TTS) and 14 Days After Exposure to Noise (PTS) in Groups 2 and 3 at 1 kHz (A), 2 kHz (B), 4 kHz (C) and 8 kHz (D)
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a Abbreviations: ABR, auditory brain stem response; PTS, permanent threshold shift; TTS, temporary threshold shiftb Bars show means; Error bars show ± 1.0 S.D; Group 2, noise exposure + saline IP injection; Group 3, noise exposure + NAC 325 mg/kg IP injection.
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5. DiscussionThe purpose of the study was to investigate the preven-tive effects of NAC administration on acoustic trauma induced hearing loss in rabbits. Our results showed that when NAC was administered three days before acoustic trauma and three days after exposure to noise (325 mg/kg body weight, IP injection), an appropriate prevention was provided against acute acoustic trauma induced temporary and permanent hearing loss in rabbits. Acous-tic trauma can cause reactive oxygen species (ROS) for-mation in the cochlea as a normal cellular byproduct. In a normal status, various natural antioxidant defense mechanisms may prevent these damaging free radicals from causing any permanent injury, but when acute acoustic trauma occurs, normal antioxidant defense mechanisms are no longer maintained and hair cells in the cochlea may undergo a non-recoverable injury lead-ing to permanent hearing loss. In this situation, our re-sults suggest that temporary and permanent hearing loss may be prevented or reduced by the administration of an antioxidant agent (NAC). This improvement may be due to glutathione (GSH) synthesis by NAC. GSH may also be able to recover the effects of glutamate exciototoxicity as well as protect cochlear mitochondria from free radical formation (14, 15). NAC is known to be an effective radical scavenger for hydroxyl radical, hydrogen peroxide and hypochlorous acid. By increasing GSH production in cell, there may also be less oxidative stress in the cochlea (23). Acute acoustic trauma can damage the cochlea through the formation of ROS and RNS, lipid peroxides and pro-duce a reduction of cochlear GSH and other cellular anti-oxidants. NAC is an effective supplier of inherent antioxi-dants (GSH) and it can also reduce ROS and RNS (24). NAC as a GSH precursor and antioxidant can prevent cochlear damage through free radical scavenging and providing a substrate for cochlear GSH synthesis. Administration of NAC was started three days before the acoustic trauma to prepare a stable and higher concentration of GSH in the cochlea at the beginning of the acoustic trauma. Moreover, NAC was administrated three days after noise exposure because there is evidence for delayed free radi-cal formation, 7 - 10 days following noise exposure (6). According to the results of the present study, permanent ABR threshold shifts in group 2 (noise + saline) are more significant than in group 3 (noise + NAC) at each frequen-cy. This means that NAC can ameliorate acoustic trauma induced permanent hearing loss at all frequencies. The results are in agreement with previous researches (2, 12, 25). Statistical comparisons showed that NAC attenuated temporary and permanent ABR threshold shifts more sig-nificantly at 1 and 2 kHz than at 4 and 8 kHz, while noise could cause more temporary and permanent ABR thresh-old shifts at 4 and 8 kHz than at 1 and 2 kHz. This finding is consistent with those of the Ohinata et al. and Yamasoba et al. studies showing that antioxidant agents were more effective at frequencies further from the frequencies 
with greater threshold shifts (26, 27). This may be due to other factors, in addition to ROS formation. Results from this study indicate that NAC temporarily attenuated ABR threshold shifts at all frequencies. These findings are in disagreement with those of Karmer et al. and Duan et al. studies, in that, they found no correlation between NAC administration and TTS attenuation (2, 3). This difference may be due to a difference between noise levels, animal model and dose of NAC administered. Although NAC ad-ministration could ameliorate acoustic trauma induced temporary threshold shift, however, according to the val-ues presented in Table 1, it could not reduce TTS to base-line and according to the values presented in Table 2, it was able to reduce PTS to baseline at 1, 2 and 4 kHz, but it could not return hearing levels to baseline at 8 kHz. This means that NAC can attenuate acoustic trauma induced TTS and PTS, but it is not able to restore the hearing level to the initial condition. This finding is consistent with previous researches about protective effects of antioxi-dant agents against noise induced hearing loss (6, 8, 9, 26). NAC, a thiol containing amino acid derivative is used throughout the world as a nutritional supplement and also as a drug which has been approved by the Food and Drug Administration (FDA), could be a suitable candidate for the prevention and treatment of acoustic-trauma in-duced hearing loss in human. We recommend future sys-tematic human clinical trials to demonstrate the poten-tial of NAC administration for the prevention of acoustic trauma-induced hearing loss in humans. Administration of NAC (325 mg/kg body weight) by intraperitoneal injec-tion, three days before exposure to noise and three days post-exposure to noise, can provide appropriate protec-tion against acoustic trauma-induced hearing loss.
AcknowledgmentsThe authors wish to acknowledge the occupational health department of Tarbiat Modares University for its laboratory support during this study.
Authors’ ContributionMasoud Motalebi Kashani (research design and data collection), Hamidreza Saberi (data collection), Mitra Hannani (data analysis and article writing).
Financial DisclosureNone declared.
Funding/SupportNone declared.
References1.       Lonsbury-Martin BL, Martin GK, Cummings CW, Flint PW, Haugh-ey BH, et al. Noise-induced hearing loss. Otolaryngology: Head & Neck Surgery.2010. 2.       Duan M, Qiu J, Laurell G, Olofsson A, Counter SA, Borg E. Dose and 
N-acetylcysteine and Acoustic TraumaMotalebi Kashani M et al.
Arch Trauma Res. 2013:1(4)150
time-dependent protection of the antioxidant N-L-acetylcysteine against impulse noise trauma. Hear Res.2004;192(1-2):1-9.3.       Kramer S, Dreisbach L, Lockwood J, Baldwin K, Kopke R, Scran-ton S, et al. Efficacy of the antioxidant N-acetylcysteine (NAC) in protecting ears exposed to loud music. J Am Acad Audi-ol.2006;17(4):265-78.4.       Nelson DI, Nelson RY, Concha-Barrientos M, Fingerhut M. The global burden of occupational noise-induced hearing loss. Am J Ind Med.2005;48(6):446-58.5.       Schmuziger N, Patscheke J, Probst R. An assessment of thresh-old shifts in nonprofessional pop/rock musicians using con-ventional and extended high-frequency audiometry. Ear Hear.2007;28(5):643-8.6.       Le Prell CG, Yamashita D, Minami SB, Yamasoba T, Miller JM. Mechanisms of noise-induced hearing loss indicate multiple methods of prevention. Hear Res.2007;226(1-2):22-43.7.       Fechter LD. Oxidative stress: a potential basis for potentia-tion of noise-induced hearing loss. Environ Toxicol Pharma-col.2005;19(3):543-6.8.       Ulf-Rüdiger H, Ralph F. Mechanisms underlying noise-induced hearing loss. Drug Disc Today: Disease Mech.2006;3(1):131-5.9.       Yamashita D, Jiang HY, Schacht J, Miller JM. Delayed production of free radicals following noise exposure. Brain Res.2004;1019(1-2):201-9.10.       Kopke R, Bielefeld E, Jianzhong L, Jiefu Z, Jackson RL, Henderson D, et al. Prevention of impulse noise-induced hearing loss with antioxidants. Acta Oto-laryngologica.2005;125(3):235-43.11.       Lynch ED, Kil J. Compounds for the prevention and treatment of noise-induced hearing loss. Drug Disc Today.2005;10(19):1291-8.12.       Mortazavi SB, Motalebi Kashani M, Khavanin A, Allameh A, Mirza-ee R, Akbari M. Effects of N –Acetylcisteine on auditory brain stem response threshold shift in rabbits exposed to noise and carbon monoxide. American J Applied sci.2010;7(2):201-7.13.       Motalebi Kashani M, Mortazavi SB, Khavanin A, Allameh A, Mirza-ee R, Akbari M. Protective effect of α–tocopherol on ABR Thresh-old Shift in Rabbits Exposed to Noise and carbon monoxide. Iran J pharm Res.2011;10(2):339-46.14.       Kopke RD, Weisskopf PA, Boone JL, Jackson RL, Wester DC, Hoffer ME, et al. Reduction of noise-induced hearing loss using L-NAC and salicylate in the chinchilla. Hear Res.2000;149(1–2):138-46.
15.       Kopke R, Blelefeld E, Liu Y, Zheng J, Jackson R. NAC and Acetyle – L – carnitine (ALCAR) show different effects in protecting the cochlea from noise in chinchilla. Assoc Res Otolaryngol Abs.2004;27(686):231.16.       Kopke RD, Jackson RL, Coleman JK, Liu J, Bielefeld EC, Balough BJ. NAC for noise: from the bench top to the clinic. Hear Res.2007;226(1-2):114-25.17.       Gourevitch B, Doisy T, Avillac M, Edeline JM. Follow-up of la-tency and threshold shifts of auditory brainstem responses af-ter single and interrupted acoustic trauma in guinea pig. Brain Res.2009;1304:66-79.18.       Burkard R, Eggemont J, Don M. Auditory evoked potentials: basic principles and clinical application.2007; 51-7019.       Hall JW. New handbook of auditory evoked responses.2007. pp. 123-13620.       Fredelius L, Rask-Andersen H, Johansson B, Urquiza R, Bagger-Sjoback D, Wersall J. Time sequence of degeneration pattern of the organ of Corti after acoustic overstimulation. A light micro-scopical and electrophysiological investigation in the guinea pig. Acta Otolaryngol.1988;106(1-2):81-93.21.       Henderson D, Hamernik RP, Salvi RJ, Ahroon WA. Comparison of auditory-evoked potentials and behavioral thresholds in the nor-mal and noise-exposed chinchilla. Audiology.1983;22(2):172-80.22.       Ngan EM, May BJ. Relationship between the auditory brainstem response and auditory nerve thresholds in cats with hearing loss. Hear Res.2001;156(1–2):44-52.23.       Okezie IA, Barry H, Brigid MH, Butler J. The antioxidant action of N-acetylcysteine: Its reaction with hydrogen peroxide, hy-droxyl radical, superoxide, and hypochlorous acid. Free Rad Biol Med.1989;6(6):593-7.24.       Erbas H, Aydogdu N, Kaymak K. Effects of N-acetylcysteine on ar-ginase, ornithine and nitric oxide in renal ischemia-reperfusion injury. Pharmacol Res.2004;50(5):523-7.25.       Ohinata Y, Miller JM, Schacht J. Protection from noise-induced lipid peroxidation and hair cell loss in the cochlea. Brain Res.2003;966(2):265-73.26.       Fenxia H, Sheng W, Suoqiang Z, Yinyan H, Weiyan Y, Lihua H. Ef-fects of α-tocopherol on noise-induced hearing loss in guinea pigs. Hear Res.2003;179(1–2):1-8.27.       Ohinata Y, Yamasoba T, Schacht J, Miller JM. Glutathione limits noise-induced hearing loss. Hear Res.2000;146(1–2):28-34.
